Conductance of a quantum wire at low electron density
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We study the effect of Coulomb interactions on the conductance of a single-mode quantum wire connecting two bulk leads. When the density of
electrons in the wire is very low, they arrange in a finite-length Wigner crystal. In this regime the electron spins form an antiferromagnetic
Heisenberg chain with exponentially small coupling J. An electric current in the wire perturbs the spin chain and gives rise to a temperature-
dependent contribution of the spin subsystem to the resistance. At temperatures small compared to J this effect is weak, and the conductance of
[the wire remains close to 2e%/h. At temperatures above J the spin effect reduces the conductance to e?/h.

Motivation: Experiments with Quantum Point Contacts and Quantum Wires

Cronenwett ef al., 2001 » Perfect conductance quantization
2 at low temperatures (2e2/h)

j_ Top view:

+ 0.7 structure in conductance of

' /2 B i quantum point contacts at low
S S . ‘\ o ’ 3k density and higher temperatures
L . .\J"
GaAlAs reS 2 Dot . 1K | * 0.5 plateau of conductance in
e /ﬁ e SRgRlices
GaAs g
, Thomas et al., 2000 * These features cannot be
quantum wire - : :
[ Temax JI explained in a model of non-

z 3 s
Typical experimental setup. The wire is created by electrostatic g interacting electrons
confinement of electrons to one spatial dimension.

26 24 13 A e 14

Theory: Wigner crystal state of electrons in a Quantum Wire
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